Early stages in RecA protein-catalyzed pairing. Analysis of coaggregate formation and non-homologous DNA contacts.
RecA protein will catalyze the in vitro pairing of homologous DNA molecules. To further explore the events involved in the search for homology, we have applied a nitrocellulose filter binding assay to follow pairing, and a sedimentation assay to follow the generation of aggregates (termed coaggregates) formed between RecA-complexed single-stranded (ss) DNA and double stranded (ds) DNA. Electron microscopy (EM) was used to visualize the structures involved. RecA protein promoted the pairing of circular M13 ssDNA and linear M13mp7 dsDNA efficiently in the absence of coaggregates. Indeed, pairing of homologous ss- and dsDNAs involved coaggregate formation only if the dsDNA was circular. For DNAs containing only a few hundred base-pairs of homology, for example pUC7 dsDNA and M13mp7 ssDNA, pairing and joint formation was observed if the dsDNA was superhelical but not if it was topologically relaxed or linear with the homology internal to an end of the dsDNA. The effect of non-covalently attached heterologous dsDNA on the RecA-promoted joining of M13 ssDNA and linear M13mp7 dsDNA (with non-M13 sequences at both ends) was found to depend on the topology and concentration of the heterologous DNA. A tenfold excess of superhelical pBR322 DNA strongly inhibited pairing. However, addition of relaxed or linear pBR322 DNA to the pairing reaction had little effect. As seen by EM, superhelical pBR322 DNA inhibited joint formation by excluding the homologous dsDNA form the coaggregates. EM also revealed heterologous DNA interactions presumably involved in the search for homology. Here the use of EM has provided a direct visualization of the form and architecture of coaggregates revealing a dense interweaving of presynaptic filaments and dsDNA.